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ABSTRACT
Plasma stealth technology has got widespread consideration in the latest years due to the rapid advancements in the field
of electronic warfare systems. In order to have control over reflectance, in-homogeneity (either in plasma or dielectric
layer) is required to be included in the design.The Electromagnetic (EM) wave as an absorber or reflector determines
the radar cross section of an object. Hence the application of Dielectric Barrier Discharge (DBD) plasma as an EM
absorber is studied to achieve the radar cross section of an aircraft. The simulated results of dielectric barrier discharge
characteristics have been studied.
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1. INTRODUCTION
The launch of 'sputnik' in 1957, an artificial satellite travelling at high speed of velocity through the
ionosphere generates an electrical charge, attracting opposite charged particles which results an ionic shell
around the spacecraft. Sputnik is a model test object about the electrical charged particles i.e. (plasma) with
electromagnetic waves. The Swarner et al [1], recommended the application of plasma as an electromagnetic
absorber on simple objects.

One of the parameter for survivability of an aircraft involves the reduction of radar cross section(RCS).The
radar cross section of an object depends on the incident and backscattered power of an electromagnetic wave
in a given direction. Aircraft with low RCS are difficult to separate from noise radar signals, as they approach
nearer to the target before being detected. The application of plasma on a flying vehicle for other purposes
such as stall delay, transition control, lift enhancement and noise control is shown in papers [3-4].

2. THE RADAR CROSS SECTION
Radars use electromagnetic waves in the VHF (30-300MHz) to X band (8-12GHz) to determine the position
of objects by measuring the backscattered energy [5]. The signal of interest is differentiated from the
background clutters which are created by obstacles, noise of electronic devices etc. The detection range of
radar is given by radar range equation (skolnik 2003):
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Which relates the maximum detection range Rmax to Pt i.e. the transmitted power, Gt and Gr are the gain of
transmitted and receiving antenna, Ae is the effective area of the transmitting and receiving antenna (it
coincides for the monostatic case), σ the radar cross section of an object and to Smin is theminimum power
necessary to distinguish a signal from receiver noise. This equation shows that the RCS is the only parameter
which dominates the performance of the radar system that defined by the target. Hence it is mandatory to
decrease the RCS of an aircraft effectively at the front portion allowing the aircraft to not being detected by
the opponent radar systems when it approaches closer to the target. In order to decrease the detection range
(Rmax) by a factor of 2, then the RCS (σ) has to be decreased by a factor of 16dB as per radar range equation
because the detection range depends on the fourth square root of RCS. In monostatic( transmitter and receiver
are same) radar systems, the exterior of stealth aircraft are aligned so as to reflect the electromagnetic energy
away from the illuminating source, as a result, away from the radar receiver, results in reducing the overall
RCS of an aircraft in that direction.

The RCS is defined as "measure of reflective strength of a target defined as 4π times the ratio of the power per
unit solid angle scattered in a specified direction to the power per unit area in plane wave incident on the
scatter from a specified direction" is mathematically[6] written as
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Where Pscat is backscattered power density and Pinc is incident power density in a given direction. The distance
between the radar station and aircraft should be large )( R , ensuring that both the target and receiver antenna
are illuminated by the wave fronts. The RCS can be described as the cross section of a perfectly isotropic
object with the same backscattering amount of energy. Therefore RCS of an object happen to be larger than its
geometrical extent in the case where most of the energy of the incoming wave is reflected to the radar receiver
or smaller when the energy becomes deflected from the radar receiver.

The RCS of an aircraft is predictable by its visible size or area which is seen by radar. In general, RCS of an
object rely on the following parameters, such as size of target, directivity of radar reflection generated by
various geometric shape of target, orientation of target object and radar, wavelength of incident EM wave,
reflectivity caused by targets surface and so on.

Theoretically the RCS of an object is envisioned as

σ = Projected cross section  reflectivity  directivity        (4)

Reflectivity is considered as targets scattered power and directivity is expressed as the ratio of backscattered
power towards radar to the backscattered power occurring in all directions.

3. EM STRUCTURE ANALYSIS FOR RCS
Consider the transfer matrix method; in which one dimensional plasma slab is united with an exponentially
graded dielectric layer to produce a hybrid unit cell with controllable reflective properties. The permittivity
profile of the exponentially graded dielectric layer in addition to the number of hybrid unit cells cascaded
together is changed to achieve various reflection spectra. The effect of these variations on the reflectivity of
the material is derived using an analytical approach, namely transfer matrix method. The unidentified
parameters are obtained by imposing the boundary conditions on the material interfaces. Additionally, the
dependence offrequency range on the permittivity profile towards minimum reflection is analyzed.

The absorption characteristics of a plasma slab can be varied by controlling the electron density profile of the
inbuilt layers. Periodically arranged plasma and dielectric layers resembles photonic crystals (as explained in
previous chapter of this report), which possesses a range of frequencies in which light cannot transmit through
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Fig 1: Schematic representation of hybrid slab.

the structure [8]. In recent times, such structures with controllable features have gained interest of researchers.
The band gap of such structures in the desired frequency range can be controlled varying the permittivity
profile [9].

The schematic diagram of the hybrid slab having periodically arranged plasma and dielectric layers are shown
in Figure 1. The proposed structure consists of N unit cells. Each unit cell comprises of (i) An exponentially
graded dielectric layer of width d1 with permittivity changing in a direction perpendicular to the interface and
(ii) a plasma layer of width d2. In this context the plasma width is given as a function of frequency multiplied
along with the width of dielectric layer which is  given as d2=fd1.

The proposed structure consists of n unit cells. Each unit cell includes a non-magnetized frequency dependent
plasma layer and a graded nonmagnetic dielectric layer. The permittivity in the graded dielectric layer used in
this study varies exponentially. The permittivity profiles in a hybrid unit cell are given below:
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ε2 is plasma layer permittivity andε1is the dielectric layer permittivity.
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Here ωpis the electron plasma frequency, npis plasma density, and m is the mass of electron and considering ε
(0)and ε(d1) as initial and final permittivity of exponentially graded dielectric layer at x=0 and x=d1, 
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4. DIELECTRIC BARRIER DISCHARGE
Dielectric barrier discharge is an efficient component in generation of  plasma due to its energy consumption
and device complexity. The dielectric barrier produces short duration filamentary micro-discharges, but
avoids the degeneration into thermal arcs. The micro-discharges create non-thermal equilibrium plasma,
where the electric energy is generally used to generate energetic electrons while the gas stays at ambient
temperature [4].
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Fig 2: Schematic of Dielectric Barrier Discharge plasma.
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Fig3(a): Force generation during the negative (–ve) half cycle
by negative ions

Dielectric barrier discharges (DBDs) consists of a pair of electrodes separated by a dielectric (Figure 2). One
electrode is exposed to the flow and the other is covered. The generated plasma appears to be blue in color
(Figure 2).

The discharge gap between the electrodes is typically less than 0.1 mm and AC voltage in the kilovolt (kV)
range is applied to the electrodes and creates surface discharge plasma on the exposed electrode.

Through DBD’s the generation of non-thermal and non-equilibrium plasma at atmospheric pressure are made
easy [1].

Experimental studies [2] of both positive and negative ions add to the force generation of plasma actuation are
studied in detail i.e. the force contribution by anions and cations of a DBD actuator.

During the negative half cycle (Figure 3(a)), the exposed electrode is the cathode, where the electrons are
extracted from the exposed electrode due to the effect of the strong electrical field and accumulate on the
surface of the dielectric barrier. The deposition of electrons on the dielectric surface decreases the electrical
field strength and as a result, also the kinetic energy of the electrons. In addition to that the accumulation of
carrier charges on the dielectric surface reduces the electric field at the position where the charge accumulates,
quenching the discharge and forcing it to spread over the dielectric surface [4]. Hence that circumstance and
the excess supply of electrons near the dielectric surface leads to the creation of negative charges. Whereas,
these anions are accelerated by the electrical field, creating a force pattern towards the embedded electrode.
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Fig 3(b): Force generation during the positive (+ve) half
cycle by positive ions

During the positive half cycle (Figure 3(b)), exposed electrode is the anode where the electrons are absorbed
by the anode, preventing a charge accumulation. Accordingly, the electrical field stays constant and the
kinetic energy of the electrons increases. These electrons have a tendency to ionize air by electron neutral
collision, rather than being absorbed by excited particles. In particular, near the area of the anode the creation
of positive charge carriers is established, as the kinetic energy of electron is at its highest and generated free
electrons are absorbed by the nearby anode. The space dominated by cations, again contributes to a force
generation to the right, as the positive ions become rejected by the nearby anode. The force generation (FIon)
by anions and cations is a function of operating frequency and voltage amplitude [7].The induced forces of
positive ions tend to be larger at high frequencies and at low amplitudes, whereas the contribution of negative
ions is larger at low frequencies and at high amplitudes.

The time taken for excitation process where electrons collect on the surface of the dielectric material or they
relocated from the surface and attracted by the upper electrode is in the scale of few tens of nanoseconds [4],
in air at atmospheric pressure, in compare to the time evolution of the ionized air, which is in the time scale of
the ac period (milliseconds) or less [3].

5. MODELING OF DIELECTRIC BARRIER DISCHARGE
The 1D model of dielectric barrier discharge simulates the electrical breakdown in an atmospheric pressure
gas. Since the electrical breakdown is a complicated process it uses simple argon chemistry by keeping the
number of species and reactions to a minimum.

The working principal of a dielectric barrier discharge is as follows: there is a very little gap which is typically
less than 1mm filled with a gas in between two dielectric plates. A sinusoidal voltage is applied on one of the
dielectric plate and the other plate is electrically grounded. As the voltage applied to the top plate increases,
there exists a stronger electric field in the gap between the plates. The free electrons in the gap are accelerated
and if the electric field is strong enough they create ionization by acquiring adequate energy. This results in a
cascade effect where the number of electrons in the gap increases exponentially on a nanosecond timescale.
Electrons produced by means of electron impact ionization rush towards one of the dielectric plates, in the
opposite direction to the electric field. An equal number of ions are also generated during electron impact
ionization so as to maintain the overall charge balance (electrons and ions should be created in equal pairs)
and the ions run towards the opposite dielectric plate in the same direction as the electric field. Hence the
surface charge with opposite sign accumulates on both dielectric plates, creating the electric field to become
shielded from the gas filled gap. Surface charge accumulation temporarily ends the discharge until the field
reverses its direction and the process starts to repeat in the opposite direction. In fact, the electric field across
the gap cannot go beyond the breakdown electric field. The parameter breakdown electric field is also a
function of the surface properties of the dielectric material.
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Modeling of a dielectric barrier discharge in more than 1D (i.e. in 2D or 3D) is definitely achievable, but the
results can be difficult to understand due to the amount of competing physics in the problem.Considered 1D
model by assuming the dielectric gap is very much smaller than the diameter of the plates so as to understand
the characteristics of the discharge with less computation time.

The geometry of a dielectric barrier discharge is shown in Figure 4.The dielectric plates are 15cm in diameter
and the thickness between the dielectric and gap is less than 1 millimeter.

6. FORMULATION OF 1D MODEL OF DBD
The dielectric barrier discharge is driven by a sinusoidal electric potential applied to the top plate of the
dielectric plate, where the applied peak voltage, V0 is 750 V and the angular frequency, the RF frequency is
50 kHz as in Figure 4. Whereas, the other dielectric plate is grounded. The parameter electron density is
computed by resolving a pair of drift-diffusion equations for the electron density is given by
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Where xj is the mole fraction of the target species for j, kj is the rate co-efficient of reaction j, Nn is the total
neutral number density and ne is the electron density.

The electron diffusivity, energy mobility, and energy diffusivity parameters are computed using the electron
mobility is given as


5

3
,  eeTeDe (10)

In the equations resolved for the number of charged particles and electrostatic potential is that the total
electrical current is preserved and it is mathematically given as

0. 
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Where Jis the total plasma current density (SI unit: A/m2), and ρ is the space charge density (SI unit: C/m3).

Fig 4: Graphic illustration of a dielectric barrier discharge
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Fig 5: Electron current density in the dielectric barrier
discharge, excluding the first RF cycle

Fig 6:Ion current density in the dielectric barrier
discharge, excluding the first RF cycle

7. RESULTS AND DISCUSSION
It is easier and convenient to analyze the results of one dimensional problem when compared with two
dimensions. Whereas the extra dimension represents the time. In COMSOL Multi-physics the addition of
extra dimension is accomplished by adding a parametric Extrusion 1D data set which provides immediate
variables of interest evolves over time.

While the electrons and ions are formed in equal pairs the time derivative of the space charge density must be
approximately zero. For this 1D model, the total current density must be constant across the gap at any time.
Figure 5, represents the current density due to electrons. Figure 6, represents the current density due to ions.

The current density of ion and electron is not symmetric since the different secondary emission coefficients
present on the dielectric barrier discharge surfaces.

The total plasma current density is constant across the gap at any point of time and it is the sum of both
electron and ion current density excluding the first RF cycle. The total plasma current density is shown in
Figure 7 as given below.
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Fig7: Plot of Total plasma current density (Sum of the electron and Ion

current density)

CONCLUSION
The operation of dielectric barrier discharge for full wave is analyzed. The one dimensional electrical
breakdown model of electron current density, ion current density and plasma current densities are simulated
respectively.Plasma generated by DBD actuators on the reduction of RCS has to be analyzed in detail in
future works. The effect of plasma parameters such as electron collision frequency, density of plasma, plasma
thickness and other parameters on dielectric barrier discharge has to be studied to analyze the application of
DBD as a plasma generation model.

REFERENCES
[1] Swarner, W.G., and Peters, L., “Radar cross section of dielectric or plasma coated conducting spheres and circular

cylinders,” IEEE Trans. Antennas Propag., vol.11, no.5, pp. 558–69, October 1963.
[2] Enloe, C. L.,McHarg, M. G., and McLaughlin, T. E., “Time-correlated force production measurements of the

dielectric barrier discharge plasma aerodynamic actuator,” J.Appl. Phys.103 073302, 2008.
[3] Orlov, D. M., “Modelling and simulation of single dielectric barrier discharge plasma actuators,” PhD Thesis,

Aerospace and Mechanical Engineering, Notre Dame, Indiana, pp.1-189, October 2006
[4] Corke, T. C., Enloeand, C. L., Wilkinson, S. P., “Dielectric barrier discharge plasma actuators for flow

control,”Annu.Rev. Fluid Mech., vol.42: 505–29, September 21, 2009.
[5] Knott, E. F., Shaeffer, J. F., and Tuley, M. T., 2004 Radar Cross Section 2nd edn (Raleigh, NC: SciTech).
[6] Jay, F.,IEEE Standard Dictionary of Electrical and Electronics Terms. 3rd ed.Cambridge, MA: IEEE Press, 1948.
[7] Boeuf, J. P., Lagmich, Y., and Pitchford, L. C., “Contribution of positive and negative ions to the electro

hydrodynamic force in a dielectric barrier discharge plasma actuator operating in air,”  J. Appl. Phys. 106
023115,2009.

[8] Prasad, S., Singh, V., and Singh, A. K., “Study on the reflection spectra of one dimensional plasma photonic crystals
having exponentially graded materials," Plasma Science and Technology, vol.15, pp. 443-447, 2013.

[9]Prasad, S., Singh, V., and Singh, A. K., “To control the propagation characteristics of one-dimensional plasma
photonic crystal using exponentially graded dielectric material,” PIER M, vol. 22, pp. 123-136, 2012.


